Abstract This study aims to clarify age-related changes of body composition structure in terms of the percentages of body fat and muscle (muscle mass/weightϫ100) in preschool children by using BMI. The subjects were 533 preschool children, comprising 260 boys and 273 girls. Regression analysis for BMI was performed and a regression polynomial of a proper order was determined. After examining the validity of the order in a regression polynomial for %Fat and muscle percentages for BMI, a regression polynomial evaluation chart was made up. After judging the degree of fat or muscle accumulation from BMI and the fat or muscle percentages for each age group of the boys and girls, a frequency distribution map of excessive development and underdevelopment of fat and muscle was drawn up and its age-related changes were examined. As a result, a complementary relationship was confirmed to exist between BMI and %Fat in preschool children. In contrast, an opposite relationship was found for BMI and muscle percentages. These results suggest that BMI can be used as an index of muscle percentages as well as %Fat. As a final result, the distribution composition map of fat and muscle percentages for BMI does not show changes with age from infancy in preschool boys as a whole, but it does show such changes in girls. It is inferred that preschool girls show, due to early maturity, earlier changes (fat decrease) toward an integrated child's body than do boys.
Introduction
According to surveys of physical fitness and motor ability conducted by the Ministry of Education, Culture, Sports, Science and Technology of Japan, the physical fitness and motor abilities of Japanese children have continued a declining trend for more than 20 years, from 1985 to the present. Comparing physical attributes in today's children with their parents' generation of 30 years earlier, height has increased 1.2 cm in 6-year-old boys and 2.4 cm in 11-year-old boys, while weight has increased 0.7 kg in 6-year-old boys and 2.4 kg in 11-year-old boys. For girls, height has increased 1.1 cm for 6-year-olds, and 1.19 cm for 11-year-olds, while weight has increased 0.7 kg for 6-year-olds, and 1.5 kg for 11-year-olds. This tendency is seen not only in young children, but also in boys and girls up to age 17 years. Thus, while children's physiques are growing larger, their physical fitness and motor abilities are reported to be declining.
Preschool children, on the other hand, have increasingly larger physiques, similar to elementary school and older children, but have a somewhat different trend in motor abilities. Akimaru (2003) , Fujii et al. (2005ab) , and Kondo et al. (1987ab) reported that although the ability to throw a ball is decreasing in preschool children, running and jumping abilities are remaining the same or improving.
The food, clothing, and housing of Japanese, their social environment, and children's play and educational environments in modern society have changed a great deal. These changes are considered to have produced an imbalance between the physiques and physical fitness of Japanese children (Fujii, 2006; Fujii et al., 2006) . However, preschool children, unlike school-age children, are still at an age when the foundation of their living habits is being formed. Lifestyle is thought to have little effect on their physique, physical fitness, or motor abilities. It has been reported that body fat negatively affects physical fitness and motor abilities (Tanaka et al., 2007 (Tanaka et al., , 2008 . Fukunaga (2003) investigated the age-related changes for subcutaneous fat and the cross-sectional area of muscles, and reported that they increase dramatically from the time of puberty. Similarly, Sugiyama (2003) also reported on the agerelated changes in subcutaneous fat mass (FM), body FM, and body fat percentage. These studies clarified an enlargement of the gender difference with age in elementary school and middle-school students, but the studies did not examine Otoki et al. (1999) clarified a gender difference in subcutaneous FM and its proportion to body weight, and Eto et al. (2002) clarified that the change in total FM over one year was larger in young boys than in girls. Teramoto et al. (1999) studied the relationship between agerelated changes and body composition in preschool children, and insisted on the need for longitudinal studies in order to clarify the changes of body composition in Japanese preschool children. Sakaida et al. (2007) investigated the relationships of physique to body composition and bone density in preschool children, and Sakai et al. (2009) compared body fatness in preschool children, judged from standard body weight calculated from height and weight, to arrive at body fat percentages (%Fat). These are valuable reports on preschool children's body composition. However, the age-related changes in body composition of preschool children corresponding to a time of remarkable growth and development and their differences according to sex have not been examined in the same detail as they have been for older children. In addition, because it is thought that there is physiological polymorphism in the body compositions of preschool children, clarifying the character of such differences will be important to the study of physiological anthropology.
Based on the above, this study aimed to conduct a polynomial regression analysis for the body compositions of preschool children, including body fat percentages, and muscle percentages (muscle mass/weightϫ100) against BMI. It also aimed to examine the age-related changes in the body compositions of preschool children by measuring body fat and muscle percentages and their relation to morphological qualities (physique and the amount of accumulation of body fat and muscle).
Methods

Subjects
The subjects were 533 preschool children comprised of children 3 years old (91 boys and 83 girls), 4 years old (90 boys and 109 girls), and 5 years old (79 boys and 81 girls). To properly examine their body compositions according to age, a statistical method that included large enough samples for each age group was gathered. Based on their birth dates, their exact ages until the measurement day were calculated. The purpose and design of this study were explained to children and their parents in advance and informed consent was obtained from them. The subjects were healthy children without acute or chronic diseases. The study was approved by the institutional ethics committee and was conducted according to the principles of the Declaration of Helsinki.
Physique and body composition
Body composition was measured using a Tanita MC-190EM body composition analyzer (Tanita Corp., Tokyo Japan) with a correction for light indoor clothing. The subjects participated in the measurement at least three hours after their last meal and were also asked to urinate just prior to the measurement.
The measurement procedure required the subject to stand barefoot on the analyzer and to hold a pair of handgrips, one in each hand. The device uses multi-frequency (5, 50, 250, and 500 kHz) body impedance analysis (BI) technology, and has 8 tactile electrodes: 2 are in contact with the palm and thumb of each hand, and 2 are in contact with the front and back part of the sole of each foot. This device can calculate body weight, soft lean mass (SLM), body fat percentages (%Fat), lean body mass (LBM), fat mass (FM), mineral mass, and total body water. The MC-190EM uses data acquired using dual X-ray absorptiometry (DXA) from both Japanese and Western subjects as well as a regression formula derived through repeated regression analysis of height, weight, age, and impedance between the right hand and foot as variables. The MC-190EM is a valid measurement for humans 6 to 99 years of age only, so we had to use the standard of six years of age for subjects that were younger than that. Therefore, the measurements are estimates. A completely accurate measurement by the BI method that is valid for Japanese infants has not been established at the present. The measurement results of body composition values for preschool children are estimates that can be used as a reference for future studies. The height was measured using the Tanita digital height scale. The height and weight of the Japanese subjects in this study were within a standard deviation range of Ϯ1, and this also applied to their ages. The BMI was calculated by dividing weight (kg) by the square of height (m). All the measurements were done by experts in using the Tanita MC-190EM body composition analyzer, in the morning, with the surrounding air at about 20°C.
Analytical procedures
Statistical values for physique (height, weight, and BMI) and body composition (FM, %Fat, and SLM) were calculated according to gender and age (3, 4, and 5 years old). The analysis procedure was as follows.
1) In each age group of boys and girls (3, 4, and 5 years old), a regression analysis of %Fat for BMI was performed, based on the report of Tanaka et al. (2008) , after drawing regression polynomials from the first to the third order, and a regression polynomial of a proper order was determined.
2) With a similar method to that of measuring fat percentage, a regression polynomial of a proper order for muscle percentage was determined for each age group of boys and girls (3, 4, and 5 years old).
3) After examining the validity of an order in a regression polynomial of %Fat and muscle percentages for BMI for all the children, 3 years old to 5 years old, according to their sexes, a regression polynomial evaluation chart was made up. 4) In each age group of boys and girls (3, 4, and 5 years old), BMI, %Fat, and muscle percentages were applied to a built regression polynomial evaluation chart. 5) After judging the degree of fat or muscle accumulation from BMI and the fat and muscle percentages measured for each age group of boys and girls (3, 4, and 5 years old), a frequency distribution map of excessive development and underdevelopment of fat and muscle was drawn up and changes according to age were examined.
Validity of regression polynomial order
A regression line from a regression analysis with two variables is generally applied to a regression polynomial equation. However, even in regression analyses with two variables, there are cases in which the second and higher order relationship is judged to be more valid than the first order relationship. In such cases, the second, third, fourth, or higher order approximation polynomials are applied. Matsuura and Kim (1991) applied the least square approximation polynomials to height and weight growth and investigated their growth patterns. Largo et al. (1978) applied spline smoothing in a study of height growth patterns. All of these methods used least square approximation polynomials, and produced useful findings. Based on these reports, valid orders were made up by examining the residual sum of squares adopted by Matsuura and Kim (1991) in determining regression polynomials for %Fat against BMI in this study. In addition, by applying the Akaike information criterion (AIC) simultaneously, the validity of the orders was confirmed. The AIC is calculated as follows: (Here, s is the sum of the squared deviation, n is the data number, and k is the number of explanatory variables.) Table 1 shows the statistical values for physique and body composition and the results of the variance analysis in 3-, 4-, and 5-year-old boys and girls. The ratio of LBM to skeletal muscle quantity we obtained, as compared with the same ratio obtained in a report by Otoki et al. (1999) , which used the Goran formula with a BI method for 4-6-year-old children, was slightly higher in our study than it was in Otoki's study. This is judged as follows: as stated also in the method, although the MC-190EM is a valid measurement for humans 6 to 99 years of age only, the results of our SLM study were able to reveal useful estimates for children 3-5 years old. A completely accurate measure of body fat value by the impedance method for Japanese infants 3-5 years old has not been established, so our results constitute a reference value for the time being. However, the measurements for 6-99-year-old subjects are also estimates that cannot claim absolute accuracy.
Results
Correlation analysis for physique and body composition
In this sense, the results of our study showing age-related changes in body composition for infants can be regarded as reasonably reliable and useful data. Significant differences were found among each of the age groups, in both boys and girls, and gradually increasing trends were found in height, weight, LBM, SLM, bone mass, and total body water. There were no significant differences among each of the age groups in FM and muscle percentages for the boys, in %Fat for the 4-and 5-year-old boys and girls, in BMI for 4-and 5-year-old boys and girls, and in the FM for 3-and 4-year-old girls.
Tables 2-1, 2-2, and 2-3 show the results of a correlation analysis for physique and body composition in each age group according to the children's sexes. There were significant correlations (rϭ.326-.959) between height and weight and for variables of BMI: FM, LBM, SLM, bone mass, and total body water ( pϽ.001). In particular, there were positive and high correlations (rϭ.787-.947) between BMI and %Fat, and negative and high correlations (rϭϪ.804-.950) between BMI and muscle percentages. The results of the regression analysis of fat and muscle percentages for BMI showed different regression tendencies by age. Tables 3 and 4 show a determination coefficient in regression polynomials from the first to the third order, the residual sum of squares and the AIC of fat and muscle percentages for BMI in boys and girls. The regression of fat and muscle percentages for BMI was significant. A residual sum of squares slightly decreased in the second regression polynomial for the boys, and the AIC was the minimum. The AIC was the first regression line in the case of the minimum for the girls.
The structure of a regression polynomial of fat and muscle percentages for BMI
The structure of regression evaluation charts of fat and muscle percentages for BMI Figure 1 shows the result that came from a 5-step mean evaluation method with 1.32 as a standard error (SE) from a regression plane of the second regression polynomial of %Fat, and Fig. 2 shows the result that came from a 5-step mean evaluation method with 1.67 as a SE from a regression plane of the first regression line of muscle percentages for BMI in boys. Using a method similar to that used with boys, the girls' results appear in Fig. 3 , which shows the result with 2.55 as a SE from a regression plane of the first regression line of %Fat, and Fig. 4 shows the result that came from a 5-step mean evaluation method with 2.32 as a SE from a regression plane of the first regression line of muscle percentages for BMI. The regression evaluation charts were interpreted as follows: excessive development of fat or muscle was greater than the mean of ϩ1.5 SE, somewhat excessive development of fat or muscle was from the mean of ϩ0.5 SE to the mean of ϩ1.5 SE, standard development of fat or muscle was the mean of Ϯ0.5 SE, somewhat excessive underdevelopment of fat or muscle was from the mean of Ϫ0.5 SE to the mean of Ϫ1.5
Body Composition of Preschool Children SE, and excessive underdevelopment of fat or muscle was less than the mean of Ϫ1.5 SE.
A frequency distribution of changes according to age with regard to fat and muscle percentages for BMI
Figures 5-8 show frequency distribution maps which evaluated fat and muscle percentages for 3-to 5-year-old boys and girls with regression polynomial evaluation charts ( Fig.  1-4) . A c 2 test was conducted for fat and muscle percentage distributions. Both variables showed no significant differences in boys, but did so in girls' %Fat ( pϽ0.05, Table 5 ).
Discussion
There have been few studies on the relationship between the physiques and body compositions of preschool children, and body composition structure based on differences of morphological quality (fat and muscle percentages) has been little examined. The limited number of reports on preschool children's body compositions may be due to problems in limitations in the methodology of BI. However, this does not mean that the BI method cannot be used to evaluate the body compositions of preschool children. Fujii and Sakai applied the BI method to preschool children and examined a canalization effect between parents and children. Furthermore, examining the data distributions based on the two methods of regression polynomial results derived from standard height and weight curves, and results derived from statistical values for %Fat by the BI method, it was reported that there was little difference ). These findings suggest that even for preschool children, when using a lot of data, it is possible to examine their body compositions, and this will offer useful, fundamental data. This study measured the body compositions of preschool children with the BI method from the perspective noted above, and examined differences of morphological qualities from a regression analysis of fat and muscle percentages for BMI. In order to make judgments about the degree of fat and muscle accumulation in preschool children's physiques, we examined the distribution composition of both elements. As a result, a high correlation was found between BMI and %Fat. This agrees with the reports of Sakaida et al. (2007) and Sakai et al. (2009) . Keys et al. (1972) and Garrow and Webster (1985) also accept that BMI has a complementary relationship with %Fat in preschool children. The regression analysis results of %Fat for BMI in this study may suggest that an increase in BMI affects an increase of %Fat in preschool children's infancy.
On the other hand, an opposite relationship was found for BMI and muscle percentages. This finding suggests that BMI can be used as an index of muscle percentages as well as %Fat. In short, it is interpreted that BMI reflects both elements of %Fat and muscle percentages, and when it increases, the rate of fat quantity to body weight increases, and simultaneously the SLM decreases. Hattori (2006) pointed out that BMI has a high correlation with %Fat, but it is only a physique index derived from height and does not reflect the internal quality of a body, particularly in the growth period. The background of BMI, which set standards for judging obesity, based largely on the findings of Keys et al. (1972) and Garrow and Webster (1985) , shows that the correlation between BMI and %Fat is very high. The World Health Organization (WHO) sets the standard of BMI 25 or greater for pre-obesity, and BMI 30 or greater for obesity in adults. This is strictly a standard for adults and cannot be applied to children, who are in their growth period.
However, a significant regression tendency was confirmed from the present results of the regression analysis of fat and muscle percentages for BMI in infancy. This suggests that BMI can also be used to evaluate the fatness or thinness of an infant. Additionally, the possibility that the increase and decrease of muscle percentages can be evaluated with BMI suggests a new finding. In short, BMI can be regarded as the index that can evaluate fat and muscle percentages from infancy.
Hence, we tried to examine body composition distributions in relation to differences of morphological qualities with a regression analysis of fat and muscle percentages for BMI. In short, after analyzing decreases or increases in fat and muscle accumulation in preschool children's physiques, we examined how the distribution compositions change according to the children's ages.
As a result, there was not significant change of the body composition distributions of fat and muscle percentages for BMI in 3-, 4-, and 5-year-old boys. However, in girls, the following tendencies were found: 1) excessive and somewhat excessive development of %Fat become less in body composition distributions, and 2) excessive and somewhat excessive development of muscle percentages appeared in body composition distributions.
The following is judged from the above: for preschool boys as a whole, body composition distributions of fat and muscle percentages for BMI from infancy do not show a change. In contrast, for preschool girls, because changes according to age were found in body composition distributions of %Fat, there are indications that their maturity comes earlier than for boys and also that their body types change from a baby's body toward an integrated child's body earlier than in the case of boys. In short, it is inferred that preschool girls have body types with a change process in which fat decreases.
In conclusion, the present findings may show the validity of the measurement of body composition for infants by the BI method. In addition, body composition distributions of fat and muscle percentages for BMI do not show changes from infancy in preschool boys as a whole, but do show changes in preschool girls. Girls have earlier maturity than boys, and they also have body types which show earlier changes (fat decrease) toward an integrated child's body. These findings were made in a situation in which a completely accurate calculation using the impedance method for infants under the age of six has not been established. With the progress of science and technology, the establishment of such a method to measure the body compositions of infants is hoped for in the near future.
